The aim of this paper is to inspect the asset pricing properties of basic New Keynesian monetary models. Because of monetary nonneutrality, expected returns on assets must pay a risk premium not only on technology shocks, as in RBC models, but also on monetary shocks. We provide closed form solutions for risk premia and show how the equity premium depends on the type of nominal rigidity considered. In particular, a model with staggered wages is shown to perform better than a model with staggered prices in the sense of generating a higher equity premium than in the benchmark ‡exible equilibrium. The model also produces unconditional pricing implications to be tested empirically.
Introduction
The relation between the behavior of asset prices and the business cycle is at the hart of the …nancial and macroeconomic literature. The level of the risk premium on the market portfolio and it's countercyclical property are in fact particularly di¢ cult to rationalize in general equilibrium models with complete markets, standard preferences and optimizing agents. In an endowment economy framework, aggregate consumption growth in the US has not been volatile enough to justify the historical aggregate equity premium, unless for unreasonably high values of risk aversion (Merha and Prescott (1985) ). In a production economy, when the consumption process is endogenously determined, the problem is even worse because risk averse agents are less willing to substitute consumption over time and hence choose an even smother consumption process. Rouwenhorst (1995) and Lettau (2003) are two examples that illustrate the consequent counterfactual asset pricing implications of real business cycle (RBC) models. One approach to reduce the distance between the models and the data is to modify the assumption on preferences introducing habit formation, so as to make marginal utility growth more volatile for a given consumption process. A very successful example in an endowment economy is Campbell and Cochrane (1999) . The habit formulation has the important implication that countercyclical risk premia arise endogenously as risk aversion mechanically increases in recessions. But in a production economy, habit formation in the utility function is not enough to generate a reasonable equity premium, unless some form of rigidities or frictions are introduced to limit the ability of the representative household to smooth the consumption process 1 . Jermann (1998) …nds a high equity premium in a RBC model with capital adjustment costs and …xed labor supply. Boldrin et al. (2001) consider a two sectors RBC model in which investment and labor decisions are made in advance of the current period shock, and in which labor cannot be reallocated among sectors. They …nd that their model not only is generates a high equity premium but 1 Another approach within the complete markets assumption consists in introducing Epstein-Zin (1989) preferences in order to separate risk aversion from intertemporal substitution. Bansal and Yaron (2004) is an example in an endowment economy, Tallarini (2000) in a production economy. Within this approach, a search for frictions is unnecessary to generate a high mean of the equity premium. In fact Tallarini shows that high risk aversion generates high risk premia without smoothing the endogenous consumption process, that depends mostly on intertemporal substitution. On the other hand, time varying risk premia are di¢ cult to generate unless the consumption process is assumed to be heteroskedastic, as in Bansal and Yaron. also improves the model over several business cycle dimensions 2 .
This paper contributes to this line of research by considering the e¤ect of nominal rigidities on asset prices in a production economy. What is interesting about nominal rigidities is that the real economy becomes subject to nominal (e.g., monetary) shocks, adding a source of variability to the consumption process. This additional variability is in turn re ‡ected by expected returns on …nancial assets, that must pay a premium not only on technology shocks, as in RBC models, but also on nominal shocks. We set up a model along the lines of the standard New Keynesian literature, which is by now the workhorse in monetary economics, and study its implications for asset pricing. We consider a production economy with monopolistic competition and nominal rigidities in the goods and labor markets. Monetary policy follows a Taylor rule, where the policy rate is in part endogenous, being a linear function of in ‡ation and the output gap, and in part exogenous. This last component is not forecastable and plays the role of unanticipated shocks to monetary policy.
A growing body of empirical literature …nds strong evidence of quantitatively relevant e¤ects of unanticipated monetary policy shocks on …nancial asset prices 3 . Kuttner (2001) uses the information embedded in the futures market for Federal funds to disentangle the unanticipated component of the Fed's policy from the anticipated one, …nding a positive and strong reaction of bond prices only with respect to the former component. Bernanke and Kuttner (2004) apply the same methodology to the stock market, …nding that an unanticipated 25-basis points cut in the federal funds is associated with an increase in broad stock market indexes of a magnitude of 1%. Rigobon and Sack (2004) …nd a larger e¤ect when controlling for the endogeneity problem arising from estimating the causal relationship from monetary policy to stock prices.
Quite surprisingly, few attempts have been made to explain theoretically the link between monetary policy and asset prices. In some papers expected returns are related to real money growth. An early example is Chan and Foresi (1996) , where the authors derive the asset pricing implications of a cash-in-advance model based on Lucas and 2 This literature not only looks at the mean equity premium, but also tries to rationalize the mean of the risk free rate and the second moments of returns on the market portfolio and the risk fee rate. In these dimensions, the habit formulation is less successful at explaining the low volatility of the risk free rate. 3 Previous empirical literature that looks at the relation between monetary policy and asset prices include Thorbecke (1997) and Patelis (1997) . The …rst paper …nds a signi…cant premium on monetary policy in the equity market, the second that monetary policy variables are signi…cant predictors of future stock return Stokey (1987) , obtaining a single factor pricing equation with the growth rate of money as the risk factor; more recent papers, like Balvers and Huang (2003) derive asset pricing models where, due to nonseparabilitiy between money and consumption in the utility function, real money growth becomes an additional factor together with consumption growth. However, unless money is assumed exogenous, it is di¢ cult to identify unanticipated monetary policy with the increase in money supply. Moreover, relying on the non separability assumption between money and consumption is problematic because one can show that, in such a framework, even the sign of the price of risk associated with real money growth crucially depends on the parameters of inter and intratemporal substitution. For these reasons it seems di¢ cult to provide a rationale for the cited empirical evidence within endowment economies. The current literature on asset pricing in production economies, on the other hand, studies RBC models, and therefore do not consider, and cannot explain, asset prices responses to monetary policy shocks This paper contributes to this line of research by explicitly linking the real e¤ects of unanticipated monetary policy shocks and asset prices in a general equilibrium production economy. In this model, the transmission of monetary policy shocks to real variables is through the conventional interest rate channel. In the real world, other channels of transmission, as the credit channel for example, might play an important role. On the other hand, in the real world monetary policy itself might respond to the level of stock prices, because of the possible wealth e¤ect associated with returns on …nancial assets, while in our model this wealth e¤ect is absent. Therefore our setup is very simpli…ed, but seems a reasonable starting point. In particular we can ask what part of the reaction of stock prices to monetary shocks that we observe in the market can be attributable to the interest rate channel alone. The approach undertaken in this paper is to provide approximate closed form solutions for the risk premia on …nancial assets by complementing the log-linear solution of the model with the log-linear asset pricing framework of Campbell and Shiller (1988) . For this reason, we abstract from important aspects as capital in the production function or habit in the utility function, that, although important to assess the quantitative relevance of nominal rigidities for asset pricing, would not allow a clear understanding of the qualitative properties of the model.
Our results can be summarized as follows. We show that when nominal rigidities are introduced, expected returns obey a two factors conditional pricing model, where shocks to technology and to the exogenous component of the policy rate play the role of risk factors. Risk premia and sensitivities of …nancial assets'returns to shocks (the betas, in the language of …nance) are related to the primitives of the model, including parameters relating to technology, monetary policy, the degree of nominal rigidities and preferences. By considering separately staggered prices and staggered wages, we show how the impact of nominal rigidities on asset prices di¤er in an important dimension related with the di¤erent mechanisms of transmission of shocks on aggregate pro…ts (which, in absence of capital coincide with the dividend paid by the market portfolio). When wages are staggered but prices ‡exible, dividend growth is perfectly correlated with consumption growth, and the equity premium increases with respect to the benchmark case (in which both prices and wages are fully ‡exible). When prices are staggered but wages ‡exible, dividend growth is not perfectly correlated with consumption growth because of time varying real marginal costs. For instance, dividend and output growth move in opposite directions after a monetary shock. As a result, the equity premium is lower than in the staggered wages case, and if the elasticity of substitution among goods is high enough, will be even lower than in the ‡exible benchmark. Finally we look at the implied unconditional factor pricing model for this economy, with the purpose of deriving an empirically testable asset pricing restriction. We plan to perform the empirical analysis in further research.
The paper is organized as follows: Section 2 presents the models, Section 3 discusses the conditional asset pricing properties of these models, Section 4 provides a calibration exercise and Section 5 provides the unconditional pricing equations. Proofs are relegated to the Appendix.
The Models
In this section three models will be presented: the natural benchmark (i.e., an economy with no nominal rigidities), one with staggered prices à la Calvo and ‡exible wages, and another with ‡exible prices and staggered wages 4 ; the structural equations summarizing the dynamics of the last two systems will be reported, together with models'solutions and a discussion of their properties. The derivation of the solution of the models is contained in the Appendix. 4 We do not present a model à la Erceg et al. (2000) , when both prices and wages are staggered, because we would lose the sharp analytical characterization of the model solution that we have in the two polar cases, and that is crucial in our paper. For the same reason, we did not embed into the setup features that could help us in replicating stylized facts, like habit formation in consumption, capital in the production function etc., which would make the model solvable only through numerical simulations.
Flexible Prices and Wages Benchmark
We assume the existence of a continuum of …rms, indexed by i 2 [0; 1]; each of them produce a di¤erentiated good in a competitive monopolistic market, using labor according to the linear production function:
where A t denotes the (random) level of technology, Y it and N it are output produced and labor required by …rm i, respectively. Each good enters the consumption bundle according to the Dixit -Stiglitz aggregator:
where > 1 is the elasticity of substitution among goods; this formulation determines a demand schedule for good i of the form:
where:
As is known from basic microeconomics, if prices are ‡exible, the pro…t maximization of the …rms, subject to (1), reduces to a period-by period static optimization problem, which yields a symmetric equilibrium with:
so that markup is constant over time and across …rms. The solution of the model is presented in log-linear form (throughout the paper, lower case letters denote logarithms of the original variables). It can be shown that (3) implies that natural real output is:
where is a parameter governing risk aversion, and ' is the inverse of the labor supply elasticity with respect to real wage 5 . Note that the coe¢ cient depends negatively on 5 Actually, the law of motion of natural output should contain also a constant, depending on the markup on the goods and labor market; however, as is standard in New Keynesian literature (e.g., see Gali (2003)), we assume that these distortions are eliminated by policymakers setting subsidies that exactly o¤set the monopolistic power of …rms and workers, in order to concentrate on distortions introduced by nominal rigidities.
risk aversion: as increases, agents become more willing to smooth consumption, hence making output (which, in equilibrium, is equivalent to consumption) less sensitive to technology; when approaches in…nity, natural output converges to its (nonstochastic) steady state. Moreover, the natural real interest rate is given by:
In the above equation, = log , where denotes the subjective discount rate. Assuming that technology follows the process:
we get the closed form solution for the natural real interest rate:
Staggered Prices
The economy is characterized by a competitive labor market, hence with a real wage that is equal, in equilibrium, to the marginal rate of substitution between consumption and leisure, and by a production side with monopolistic competition and nominal rigidities. Following Calvo (1983) , we assume that in every period, each …rm faces a constant probability 1 of being able to reset optimally the price of its good, and a probability of keeping this price unchanged. As is well known 6 , the aggregate behavior of in ‡ation and output gap (namely, the di¤erence between actual and natural output) in this economy can be summarized by the following two equations:
where e y t and t are output gap and in ‡ation respectively and r t is the short term nominal interest rate. The …rst equation is an IS relation, derived from the loglinearization of the consumers' Euler equation relative to a nominal bond and imposing equilibrium conditions, while the second equation is the so-called New Keynesian Phillips Curve, obtained aggregating the optimal pricing behavior of …rms.
To close the model, we need an equation describing the evolution of the nominal interest rate rule, which we assume to be used by the Central Bank as its policy instrument; in particular, we adopt a Taylor rule speci…cation of the following form:
where u m t is an iid normally distributed monetary shock, with zero mean and variance 2 m . Putting together (7), (8) and (9), it is possible to show that under certain conditions on the parameters 7 the equilibrium is determinate, and is given by:
where y t e y t + y t denotes real output, and pricing what is relevant is the growth rate of output, we can rewrite (10) as:
where the output growth rate sensitivity to current technology shock is de…ned as:
It is possible to show that, for any value of the structural parameters consistent with a determinate equilibrium, the following holds:
Intuitively, a positive growth rate of technology generates a wealth e¤ect that increases demand; because of the Calvo model, some …rms cannot adjust prices as would be optimal, hence inducing an increase in production greater than under ‡exible price. Moreover, the fraction of …rms that can reset prices at t faces a double e¤ect of a positive a t on their current and expected marginal costs 9 : they are reduced by the increase in technology, and increased by the rise of real wage due to higher income. Since output increases more than under ‡exible price, the latter e¤ect prevails, so that the sensitivity of in ‡ation to technology shocks is nonnegative. From the formulas for the sensitivities 7 See Bullard and Mitra (2002) for a derivation of these conditions. 8 The expressions for the 's are reported in the Appendix. 9 Which, in this context, are the determinants of their optimal pricing behavior.
provided in the Appendix, it is easy to verify that if the persistence of the growth rate of technology is zero, then p ya and p a are equal to zero, since in this case the natural real rate of interest is constant and equal to , hence allowing the Taylor rule to completely o¤set the departures from the ‡exible price allocation induced by technology shocks 10 .
On the other hand, a positive monetary shock (i.e., a monetary tightening) increases the ex-ante real interest rate, thus determining a contraction of output, of current real wages and, consequently, of prices set at t.
We can now study how p ya and p ym , which play a key role in asset pricing 11 , depend on risk aversion. First of all, it is shown in the Appendix that for a su¢ ciently high labor elasticity (namely, a value of ' low enough 12 ), the income sensitivity to technology is monotonically decreasing in and, consequently 13 , so does p ya . In fact, if increases, agents would prefer a smoother consumption pro…le in response to technology shock, so that an heavier burden for o¤setting the random movements of a t falls on labor; if labor elasticity is high, this can be freely done, but when ' is very large, the implied real wage variations are so large that, for small values of , it can be better to increase p ya . However, as risk aversion increases, the sign of the derivative of p ya with respect to will become positive 14 . Nevertheless, this theoretical concern has little practical relevance, since the value of ' necessary to get this hump shaped derivative of p ya with respect to risk aversion is implausibly high 15 . Instead, the behavior of p ym is simpler, since it is monotonically decreasing in : in this case, the consumer preference for a smoother consumption when risk aversion increase is not hampered by any movement in a.
Note that all the sensitivities in (12) go to zero when one of , e y goes to in…nity, since in this case the Taylor rule would implement the optimal policy with staggered prices, which requires e y t = t = 0 16 . Finally, when prices approach full ‡exibility (namely, when k tends to in…nity), the model collapses to the benchmark one, so that output gap is identically equal to zero (
, and in ‡ation is determined by how monetary policy is conducted, without any impact on real variables. 10 For a discussion of this point, see Gali (2003) . 11 See next Section 12 What we exactly mean with the expression "low enough" is made clear in the Appendix. 13 Since is always decreasing in risk aversion. 14 Again, a formal argument is presented in the Appendix. 15 With standard New Keynesian calibration, it should be larger than 10, while the values of ' used in the business cycle literature are equal or smaller than one.
16 See Gali' (2003) for a derivation of the optimal policy.
Staggered Wages
In this model, the assumption of perfect competition on labor market is dropped; instead, following Erceg et al. (2000), we assume that there exists a continuum of households, indexed by j 2 [0; 1], each of which supplies a di¤erentiated type of labor in a monopolistically competitive market, setting the wage as a markup over the marginal rate of substitution between consumption and leisure. Each …rm wants to employ all varieties of labor, aggregated according to the Dixit-Stiglitz speci…cation:
where N j it denotes …rm i's demand of labor supplied by household j, and w > 1 is the elasticity of substitution among labor types; at an optimum, N j it satis…es the following:
where W j t is the price of type j labor, and:
can be interpreted as the aggregate wage index. Note that, integrating (13) over i, we have that the total demand of type j labor is given by:
Concerning nominal rigidities, we assume that goods' prices are ‡exible (so that equation (3) holds), and that households set wages according to the Calvo model, so that each period they reset their wage optimally with a probability 1 w and keep it unchanged with a probability w . As shown in Gali (2003) , in this framework the aggregate wage in ‡ation dynamics can be described by the following equation:
where w t denotes the average wage markup. Since prices are ‡exible, we can use (3) to show that:
and that:
Equations (7), (14) and (15) describe the dynamics of output gap, price in ‡ation and wage in ‡ation for a given interest rate rule; to close the model, we use the rule
which is equal to (9) except that we replaced t with w t . In fact, as argued in Erceg et al. (2000) and in Gali (2003) , in presence of ‡exible prices and staggered wages the optimal monetary policy would imply targeting wage in ‡ation, and not price in ‡ation. In the Appendix we show that solving the system given by (7) (15) (14) and (16) yields 17 :
where the interpretation of the 's is analogous to the previous section; de…ning w ya + w ya , we can write the growth rate of output as:
As in the staggered price case, we have:
but the sign on w a becomes ambiguous: since the rate of change of average real wage must be equal to the growth rate of technology 18 , sticky wages can (and will, for standard values of the parameters) induce a negative response of in ‡ation to a t . Note that when the Taylor rule can o¤set the departures from the ‡exible price allocation induced by technology shocks ( a = 0), both output gap and wage in ‡ation are not a¤ected .
The dependence of w ya and w ym on risk aversion is similar to their sticky price analogues. The only di¤erence is that, for any given set of values for structural parameters, to ensure an inverse relation between w ya and we need an higher '. Note that, as is the case with staggered prices, when one of , e y goes to in…nity the Taylor rule implements the optimal policy; Gali '(2003) shows that, with ‡exible prices and staggered wages, this implies e y t = w t = 0 and t = a t . Finally, when wages approach full ‡exibility (k w ! 1), the output gap is equal to zero ( 
Asset Pricing
The purpose of this Section is to evaluate the implications for asset pricing of the basic New Keynesian models considered here. As shown in the previous Section, the Keynesian elements of the model, (imperfect competition and nominal rigidities) imply that monetary policy shocks have real e¤ects. The analytical decomposition undertaken in this Section shows how this implies that equilibrium assets'risk premia depend on their exposure to monetary policy shocks, as well as to technology shocks. The approach consists in complementing the log-linear solution of the model with the log-linear asset pricing framework of Campbell and Shiller (1988) . It results in an approximated loglinear pricing equation that will allow us to express all the variables of interest in terms of the deep parameters of the model. We will explicitly derive risk premia on two types of …nancial assets: a long term indexed bond and the equally weighted market portfolio. The long term indexed bond pays a constant real dividend stream at each period with in…nite maturity; the market portfolio is a claim to aggregate pro…ts of the production sector 19 . It will be shown that a simple relation exists between the two that allows a clear understanding of the determinants of the risk premia on equity in these economies, and how this depends on primitives of the models. To ease the characterization of the e¤ects of nominal rigidities on equilibrium risk premia, the ‡exible prices-wages equilibrium will be taken as benchmark.
We start with the necessary conditions for optimality obtained solving the consumers' problem with respect to any asset i:
where RR i t;t+1 denotes the real return on asset i and M t;t+1 is the stochastic discount factor (SDF) between period t and t+1 de…ned as: As expected, when prices and wages are ‡exible monetary policy shocks have no real e¤ects and only technology shows up as a risk factor. On the other hand, when nominal rigidities are introduced, and we substitute out y t+1 making use of (10) (22) where = p; w. The functional form of the pricing equation is the same under staggered prices or wages; the superscript * indicates that sensitivities and covariances di¤er across models. We will now discuss how the di¤erent components of expected excess returns depend on risk aversion and other crucial parameters of the model.
Price of risk on monetary and technology factors
The price of risk for each factor, common for all assets, is given by the product of two terms: risk aversion and income growth sensitivity to the shock. With nominal rigidities, monetary policy shocks induce an additional source of variability in consumption, which is re ‡ected in asset returns by the monetary risk premium, which we now focus on. When we substitute ym in (22) with the values given in the Appendix, we have that the price of monetary risk is given by
for = p; w: Remind from the previous Section that the parameter k 2 (0; 1) is inversely related to the degree of nominal rigidity. The price of risk on the monetary factor is negative in both models. This is intuitive since a positive realization in the unpredictable component of monetary policy generates, because of the existence of nominal rigidities, a reduction in real output and consumption. Therefore, an asset whose return covaries positively with this innovation requires a negative premium. Second, consider the magnitude (in absolute value) of the price of risk: it is negatively related to the coe¢ cients multiplying output gap and in ‡ation in the Taylor rule. In fact, higher values for these coe¢ cients imply a lower distance from the ‡exible allocation equilibrium, in which monetary shocks would have no real e¤ects and therefore would require no premium. 20 . For the same reason, it is clear that ym depends negatively on the parameter k; which (in both models) is positive and monotonically increasing in the probability of being able to reset prices (wages) and assumes an in…nite value when …rms (workers) are free to set prices (wages) each period. Consistently, in these extreme cases the model would predict a zero price of risk on the unpredictable component of monetary policy.
Now consider the price of risk on the technology factor ( ya + ). In the ‡exible allocation equilibrium, this is simply = (1 + )=( + '); since only utility function parameters determine how output responds to technology shocks. The price of risk is positive because consumption increases after a positive technology shock, so that an asset whose return covaries positively with this innovation requires a positive premium. Since ya > 0 for = p; w, the existence of nominal rigidities increases the risk premium on technology per unit of covariance. For the same reason as above, the price of risk on technology shocks is decreasing in ; y and k, as it can be easily veri…ed by looking at the expressions for ya given in the Appendix. Moreover, as explained in the previous Section, when a = 0 the Taylor rule adopted by the monetary authority completely sterilizes the e¤ect of a t on output gap; hence, the price of risk on technology collapses to the ‡exible price one. Now consider how these values depend on risk aversion. A feature that typically distinguishes exchange economies models from production general equilibrium models is that in the former, since the process for consumption is given, a rise in risk aversion increases risk premia while in the latter this result may not hold. In fact, under standard assumptions on preferences, more risk averse agents are less prone to substitute consumption over time, and when consumption is endogenous it's volatility is negatively related to risk aversion, possibly implying a negative relation between risk premia and risk aversion. Here, even though sensitivities to shocks are decreasing in risk aversion (as discussed in the previous Section) the price of risk is always increasing (in absolute values) in risk aversion.
21 . An illustration is given in Figures 1 and 2 , where we plot consumption volatility growth and the maximum Sharpe Ratio 22 against risk aversion, and compare these quantities among economies. Details on the other parameter values 20 It can be shown that in the limit in which one of ; y goes to in…nity, the ‡exible price-wage allocation is restored.
21 This can be veri…ed by di¤erentiating w.r.t. the quantities indicated as price of risk in (22) using the expressions provided in the Appendix. 22 The maximum Sharpe Ratio summarizes the risk-return trade-o¤ achievable in the economy, and are provided in the calibration Section.'
Asset returns sensitivities to shocks and risk premia
Expected excess returns also depend on the quantities of risk, which are asset speci…c, and given by the covariance of an asset's real return with the shocks. To compute the covariances (sensitivities) of asset i's real returns with the shocks, we start from the loglinearization developed in Campbell and Shiller (1988) , that is:
where 0 and 1 are constants 23 , z i and rd i;t+1 denote the asset speci…c price dividend ratio and growth rate of real dividends for = f; p; w 24 . Real dividend growth can be further expressed as:
To obtain a closed-form solution for z i;t , we guess its functional form:
and use equation (19) to verify that the guess is correct and to derive the A's in terms of the structural parameters 25 . A detailed derivation of the results of this Section is contained in Appendix B. Combining (24)- (25)- (26) we get that the covariances of asset i return with the shocks are given by:
is given by V olatility t (M t;t+1 )=E t [M t;t+1 ] : In fact, manipulating (19) we have
23 These constants depend on the value taken by z in the point around which we approximate. In our case, when we approximate around the steady state with no nominal rigidities, it's easy to show that 1 = . 24 The superscripts f; p; w indicate the ‡exible, staggered prices and staggered wages equilibria respectively 25 The same procedure is used in Bansal and Yaron (2004) .
Long Term Indexed bond
We now specialize to a long term indexed bond (denominated with subscript ind ) that pays a constant real dividend at any time period. In this case by assumption we have that rd ind;t+1 = 0 at any t for = f; p; w, so that: 
Given the discount rate and variances of the shocks, the sensitivities to shocks for this asset depend entirely on the A 0 s, the sensitivities of the price dividend ratio. Since dividends are constant, variations in the price dividend ratio are entirely due to the wealth e¤ect induced by the shocks. For the ‡exible price-wage allocation we show that
Notice what this means: a positive technology shock both increases consumption and (as long as a > 0) expected consumption growth, inducing a positive wealth e¤ect. The representative agent is now less willing to save and requires higher expected returns to hold the asset, so that the equilibrium price has to decrease. In turn, this implies a countercyclical ex post return, hence a negative risk premium. Intuitively, the higher the persistence in the technology process, the higher the wealth e¤ect and the more pronounced the price e¤ect. In the case of nominal rigidities we have
As shown in Appendix B, we still have that A ind;1 < 0 for = p; w, but notice that the additional term in the above formula is positive, reducing the price e¤ect with respect to the benchmark case. The household would optimally smooth the e¤ect of a technology shock over time, but because of the nominal rigidities some of the future e¤ects are shifted to the current period. In turn, this lowers the wealth e¤ect, and hence the price e¤ect and the return sensitivity to the shock. On the other hand, and exactly for the same reason, the price of risk on technology shocks is higher than in the benchmark case, as previously discussed. In Appendix B we show that the net e¤ect of nominal rigidities on the technology risk premium for this asset depends crucially on a . For low (positive) values of a , the e¤ect coming from the lower sensitivities dominates, and the risk premium is higher than in the benchmark case. For high (close to one) values of a , the e¤ect coming from the increased price of risk dominates, and the risk premium is lower than in the benchmark case. This is true for both sticky prices and wages.
On the other hand, A ind;2 < 0, because a positive monetary shock reduces current consumption but (being the shocks iid) does not a¤ect next period expected consumption. As a result, expected consumption growth increases and because of the associated wealth e¤ect the price dividend ratio adjusts downward. Contrary to the previous case, this induces a positive covariation between consumption and realized returns, which demands a positive risk premium. Hence nominal rigidities induce a source of monetary risk that is absent in the benchmark case.
Market Portfolio
The market portfolio pays a real dividend stream equal to the amount of real pro…ts earned by …rms in each period, which unlike the case of the indexed bond is not going to be constant. Since this is crucial in determining the aggregate equity market risk premia, we now brie ‡y illustrate the main di¤erence across the models considered here. In real terms, from the aggregate resource constraint we have
In the second line of (32) we substitute out labor from the production function. Real pro…ts (RD t ) can therefore be expressed as a function of real output (Y t ) and real marginal costs (M C t ). This last variable is going to play a crucial role in shaping the di¤erences across models. When prices are ‡exible, (3) holds and implies constant real marginal costs. Therefore, real dividend growth is perfectly correlated with consumption growth, as it is in exchange economies where the market portfolio is designed to be a claim to aggregate wealth. On the other hand, if wages are ‡exible but prices staggered, real marginal costs are not constant any more, which a¤ects (lowering) the correlation between dividend and consumption. From this simple observation one can easily anticipate that the assumption of staggered prices will compare poorly with respect to staggered wages, in terms of providing a useful framework to make sense of aggregate market data.
In order to understand more precisely the di¤erences among the models, we provide the following decomposition of the market portfolio return sensitivities: 
The sensitivity with respect to each shock can be decomposed into the sum of the sensitivity of the long term index bond just analyzed and a second term that depends on the speci…c sensitivities of real dividend growth. We now focus on the di¤erences across models.
Flexible prices-wages
Since ( 
By combining (29)- (30)- (35) we can write
Therefore in the benchmark model the equity premium (the expected excess return on the market portfolio) can be either positive or negative depending on 1 a 7 0; decreases and eventually becomes negative as risk aversion increases. The reason is clear: the dividend process becomes smoother ( ! 0 as ! 1) and the negative sign of f ind;a prevails.
Sticky prices
In logs, an approximated (around the ‡exible price steady state) expression for aggregate real pro…t is:
where M C are real marginal costs in the ‡exible prices case, equal to ( 1)= ; which implies:
where g = (1 ( 1)( + ')) and therefore: 
It can be shown by taking di¤erences of (37) and (35), that a su¢ cient condition for the beta on technology to be lower than in the benchmark case is that > 2, which is going to be the case in any standard parametrization 26 . The sign of the beta on the technology factor depends crucially on the elasticity of substitution among goods . As becomes large, the beta eventually becomes negative. On the other hand the covariance of monetary shocks with dividends is positive, eventually dominating the negative sign of p ind;m as becomes large. As a result, with sticky prices returns on the market portfolio can be countercyclical, generating a negative equity premium. In particular this will always be the case as becomes large. This counterintuitive result can be explained by inspecting real marginal costs:
where in the second and third equalities we made use of household optimality condition and aggregate resource constraint respectively. From (38) it is clear that after a monetary shock, which leaves technology una¤ected, real marginal costs move in the same direction as income but more than proportionately. To gain some intuition, consider the e¤ects of an expansionary monetary shock (i.e., u m < 0): output increases in equilibrium and real marginal costs increase more than proportionately; …rms would optimally revise up their prices but only a fraction of them will be able to do so. Those …rms who do not revise their prices will o¤er their product at a lower than optimal price, and the higher the elasticity of substitution among goods, the more these …rms will attract consumers, producing more but earning lower pro…ts (because of the higher marginal costs). This mechanism causes a positive correlation between aggregate pro…ts and monetary shocks. A similar logic holds in the case of a technology shock, although in this case to drive a negative correlation between dividends and the technology shock a higher value of is necessary (since in this case the denominator in (38) increases).
Sticky wages
In this model, since prices are ‡exible, rd 
Notice by comparing (35) with (39) that the beta on the technology factor is always higher than in the ‡exible benchmark..On the other hand, because of the negative covariance between real dividends and u m induced by the unit correlation of pro…ts and output, the beta on the monetary shock is always negative. As a result in standard parametrizations the equity premium will be positive and strictly higher than in the benchmark case.
Calibration
The closed form solutions provided in the previous Section allowed us to inspect qualitatively the role of di¤erent primitives of the model on betas and risk premia per unit of covariances. On the other hand, the sign of the net e¤ect of nominal rigidities on the overall risk premia is parameter dependent. In order to illustrate quantitatively this relation, this Section provides a simple calibration exercise. We calibrate all the parameters of the model to quarterly data, and we report the corresponding annualized values. We set = w = 10; = w = 0:6 (corresponding to an average duration of eight months), a = m = 1%; ' = 1; = 0:98: Risk aversion and technology growth persistence a are left as free parameters. In order to illustrate how monetary policy a¤ects risk premia, in Table 1 we set = 1:5; ỹ = :5 (the standard parametrization) while in Table 2 we consider a less aggressive monetary policy and set = 1:1; ỹ = 0: In Figures 1 to 4 we keep the standard parametrization above, set a = 0:25 following Gali (2003) and leave risk aversion as the only free parameter. In order to illustrate the potential adverse e¤ect of the staggered prices assumption on the cyclical properties of dividends and therefore on the equity premium, in Figure 5 we set = w = 40. To make a comparison with US postwar data (annual frequencies), take into account that consumption volatility growth estimates are lower than 2% and that the long term government bond premium and equity premium are approximately equal to 0.52% and 6%. Table 1 con…rms the analytical results derived in the previous sections. Consumption growth volatility decreases rapidly in risk aversion for a given level of persistence of technology; without capital and with endogenous labor supply is quite easy for the representative agent to smooth the e¤ect of shocks as he becomes less willing to substitute consumption intertemporally. This is clearly shown in Figure 1 . When nominal rigidities are introduced, consumption growth volatility increases in a for a given value of , as equilibria become more "distant" from the ‡exible allocation equilibrium.
As we discussed in the asset pricing Section, the net e¤ect of nominal rigidities on the long term indexed bond premium is positive unless the value of a approaches one. Also, the premium itself is positive with nominal rigidities for a value of risk aversion equal to one. This comes from the positive premium on the monetary shock, since the premium on the technology shock is always negative due to the associated positive wealth e¤ect and hence the countercyclical variations in the price dividend ratio. Figure 3 plots this premium against risk aversion. The higher premium in the staggered wages case is due to a higher contribution of monetary shocks to consumption variance, which carries a positive premium.
For the equity premium, there are two main observations. Remember from the previous Section that an important di¤erence between the models is that with staggered prices dividend growth is de-linked form consumption growth (i.e., the correlation is lower than one because of time varying real marginal costs), resulting in a lower equity premium than in the staggered wages case 27 . The second evidence to notice is that for this parametrization the equity premium with staggered prices is higher than in the benchmark case for low values of a : A comparison of Figures 4 and 5 illustrates how crucial is a relatively low value of (the elasticity of substitution among goods) for this to hold: Figure 5 shows that for a higher value of the equity premium with staggered prices is lower than in the benchmark case, despite the higher consumption volatility 28 . Table 2 illustrates how monetary policy in ‡uences consumption volatility and risk premia. Although all these quantities increases with a less aggressive monetary policy (i.e., lower coe¢ cients in the Taylor's rule), notice that the e¤ect on the risk premia is more than proportional than the e¤ect on consumption volatility.
Unconditional Beta-Model
We now consider what are the unconditional pricing implications of the model, with the purpose of deriving an empirically testable asset pricing restriction. Given that we are not interested in closed form solution for the risk premia, we consider the general case in which both prices and wages are staggered. The system of equations describing the dynamics of the economy in this case is given by:
27 This is always the case for > 1; while if = 1 then w ya = 0; which may cause the equity premium to be higher in the staggered prices case 28 Results on consumption volatility and long term bond premium do not change signi…cantly from the case with lower where mc t w t p t a t (40)
To derive pricing restrictions we are interested in the solution of the above system for y t : Without providing the conditions for existence and uniqueness of such a solution, we simply state it's functional form:
Taking into account (4), output growth would follow
where in the second line we made use of (40). To derive an unconditional beta model we will again manipulate the …rst order condition (19): the SDF can be approximated around the ‡exible price steady state as 29 :
where we can substitute out y t+1 making use eq. (42) and rewrite the SDF as
Since the unconditional expectation of the vectorû t+1 is equal to zero 30 , then E [M t;t+1 ] = b 0 and the representation (43) is equivalent to the unconditional pricing equation:
where 29 Since the AR(1) process for the growth rate of technology has no drift, in a nonstochastic steady state a SS t = 0. 30 Notice that also wage and price in ‡ation will be function of the state variables, whose unconditional mean is zero.
and 0 i is the vector of multiple (unconditional) regression coe¢ cients of RR i t;t+1 on u t+1 :
Conclusions
The intertemporal behavior of asset prices is an important source of information regarding the risks that households fear and are exposed to. Macroeconomic models used to understand real and nominal properties of the business cycle, and to analyze the desirability of di¤erent policies cannot ignore their asset pricing implications. This paper is a …rst step toward the understanding of the asset pricing properties of an important class of macroeconomic models. Imperfect competition and nominal rigidities imply that monetary policy shocks have real e¤ects, therefore adding a source of variability to the consumption process. This additional variability is re ‡ected by expected returns on assets, that must pay a premium not only on technology shocks, as in RBC models, but also on monetary shocks. The amount and the sign of the risk premia for the market portfolio are shown to di¤er depending on the type of nominal rigidity considered. In particular, staggered wages is shown to perform better than staggered prices in the sense of generating a higher equity premium than in the benchmark ‡exible equilibrium.
Our purpose of deriving closed form solutions forced us to limit the analysis to a very simple and stylized setup. Numerical analysis of more advanced models that include habit formation, adjustment costs in investments, lagged interest rate in the Taylor rule and other features seems the natural next step to better understand the asset pricing properties of New Keynesian models. Other interesting directions for further research in this framework are the term structure of interest rates and the empirical estimation of the unconditional pricing equation derived in this paper
1 + ' # subject to its labor demand function (13) and to the sequence of ‡ow budget constraints:
where: N As is well-known, the above problem can be solved in two stages, a static one which involves the determination of the optimal allocation of a given amount of resources between the di¤erent goods (whose solution implies that
, and a second one of the form:
To make notation easier, we do not make explicit the dependence from s of all the other variables. 32 Since we do not consider government expenditure, all the seigniorage will be redistributed to the consumer as a transfer.
subject to:
The optimality conditions of household's problem (under ‡exible wage) can then be expressed as:
plus the budget constraint with the sign of equality, and the demand schedule for the i-th good (derived from the …rst stage optimization):
Note that in the above equations we have dropped the dependence of consumption on j: since agents are identical, there are no idiosyncratic shocks, and preferences and technology are symmetric, under ‡exible price and wage the equilibrium will be symmetric; if wages are staggered, we can still have symmetry in consumption, due to the complete market assumption we have made.
All the optimality conditions above derived are fairly standard: eq. (45) simply states that the nominal wage will be set in order to make the real wage equal to a markup over the marginal rate of substitution between consumption and leisure; eq. (46) is a money demand schedule, and eqs. (47)- (48) are the Euler equations for the riskless bond and …rms'stocks, respectively.
Taking the logs of (3), and making use of (45) and of the market clearing condition Y t = C t , we obtain equation (4); moreover, loglinearizing (47) we arrive at (5).
If we drop the assumption of ‡exible price, and replace it with Calvo model on the …rms'side, the system can be described by eqs. (7)- (8) in the text; since r t is set according to the Taylor rule (9), we can substitute it out from (7), and obtain a bivariate system of the form:
where z t [e y t ; t ] 0 , and the matrices are de…ned as follows:
As shown in Blanchard and Kahn (1983) , this system has a unique (stationary) solution if and only if both of the eigenvalues of A are inside the unit circle. In Bullard and Mitra (2002) it is proved that this is equivalent to the condition:
Provided that this condition holds, the unique (stationary) solution of the system can be found using the method of undetermined coe¢ cients, and guessing:
This implies:
Plugging this relation into eq. (49), we get: 
we will have p ya ; p a > 0, whenever the determinacy condition holds. We now study the dependence of p ya + p ya on risk aversion; since always declines as increases, a su¢ cient condition for having a negative relation between the output growth rate sensitivity with respect to technology and risk aversion, is
Recall that the output gap sensitivity to technology is given by:
We can compute its derivative with respect to risk aversion, concluding that the sign of this derivative is the sign of:
(1 )(1 ) ; note that in deriving p ya we have taken into account that both and k depend on . Further simplifying, it can be shown that the sign of the above expression is the same as the sign of the quadratic expression in ':
Since a ' > 0, the above polynomial will be negative whenever
; moreover, c ' < 0 implies that one and only one root of the quadratic expression is positive. We conclude that the derivative of derived depends on ; hence, we can compute how it moves when risk aversion increases. In particular, it's easy to see that its derivative has the same sign as:
which is clearly positive. Therefore, for any given …nite value of ', there exists a threshold of after which p ya is negatively correlated with risk aversion. Note that, as prices approach full ‡exibility (k ! 1), the above formula imply
, and
When prices are ‡exible and wages are staggered, the economy is described by (7), (15), (14) and (16); the solution of the model follows exactly the same procedure of the staggered prices case, the di¤erence being that once we take into account (14), we get
Using the same argument as before, it is clear that the denominators are positive, whenever the equilibrium is determinate, so that w ya > 0; on the other hand, the sign of w a is unclear, since the …rst addend in the above de…nition is positive, but not necessarily always bigger or always smaller than 1.
When the model converges to the benchmark one (k w ! 1), we have that the output gap is identically equal to zero (i.e., , and p m ! 1 .
Appendix B: Returns'Sensitivities and Risk Premia
To obtain a closed-form solution for z i;t , we can guess its functional form:
and use equation (19) to verify that the guess is correct, and to derive the A's in terms of the structural parameters. In particular, note that equation (19) can be equivalently rewritten as:
Since the model is loglinear, and the shocks are normally distributed, the above formula implies: E t rr i;t+1 + E t m t+1 + 0:5V ar t rr i;t+1 + m t+1 = 0
Note that, plugging (26) into (24), we get:
And taking expectations
Since the model is written in a loglinear form, with the growth rate of technology and the monetary shock as state variables, we can express the growth rate of real dividends as:
where the 's and the #'s are model and asset speci…c. Hence, the expected real rate of return is equivalent (omitting the constants) to:
Moreover, using the form of the utility function and the closed-form solution for y t+1 , we have:
Plugging (53) and (54) into the Euler equation (52), and exploiting the fact that V ar t rr i;t+1 + m t+1 is a constant (due to the homoskedasticity of the model), we can collect the terms in a t and impose 34 :
which implies:
Analogously, we derive:
Combining the formulas for the A's with (24) and (26), we derive the covariances of asset i return with the shocks: 
34 For (19) to be satis…ed for any realization of the state variables, it must be that the coe¢ cients multiplying the state variables are identically zero.
I Long Term Indexed bond
We start with a long term indexed bond (denominated with subscript ind ) that pays a constant real dividend at any time period, and derive the formula for the sensitivities to shocks that holds in any model (the superscripts f; p; w indicate the ‡exible, staggered prices and staggered wages equilibria respectively). In this case by assumption we have that rd ind;t+1 = 0 at any t for = f; p; w, so that:
Benchmark equilibrium
For the ‡exible price-wage allocation 
so that A ind;1 < 0 for = p; w; moreover, since ym < 0, then A ind;2 < 0 for = p; w:
Signing the net e¤ect of the nominal rigidity assumption on the risk premium on technology for this asset amounts to sign ( ya + ) ind;a f ind;a , or equivalently ( ya + )A ind;1 A f ind;1 : Expanding the A 0 s and the 0 s; and simplifying we get that the sign of the previous di¤erence is the sign of
Where (60) applies for staggered prices and (61) for staggered wages and X = k ( a ) + (1 a ) e y + (1 a )(1 a ) for = p; w: It is straightforward to verify that the sign of (60) and (61)is positive for a 2 (0; 1=2) and becomes negative as a ! 1:
II Generic assets
Notice that for any asset i we can use the expressions for A ind;1 and A ind;2 to simplify the A i 's closed-form solutions: in fact combining (55)- (56) 
